Introduction
Anti-vascular endothelial growth factor (anti-VEGF) monotherapy is now established as the standard of care for subfoveal choroidal neovascularisation (CNV) secondary to age-related macular degeneration (AMD). 1 Although anti-VEGF therapies inhibit growth and permeability of new vessels and help prevent early CNV development, multiple retreatments are needed in most cases, and established CNV may be resistant to VEGF inhibition. 2 Photodynamic therapy (PDT) with verteporfin has been shown to occlude established CNV, but causes increased VEGF expression, which may lead to CNV recurrence. 3 A combination of these two treatments could therefore potentially decrease the number of anti-VEGF treatments required to control CNV.
The first study to investigate the combination of PDT and ranibizumab, the FOCUS study, 4 raised safety concerns related to ocular inflammation, which was reduced following a protocol amendment changing the ranibizumab formulation. Subsequently, the PROTECT study 5 has demonstrated that same-day administration of PDT and 0.5 mg liquid ranibizumab is not associated with severe visual loss or ocular inflammation. Uncontrolled trials 3 and a large-scale analysis of registry data 6 have also suggested that combined therapy has the potential to reduce the number of anti-VEGF treatments required to control neovascular leakage.
Materials and methods
This single-centre, randomised pilot study compared intravitreal injection of ranibizumab and sham PDT treatment to a combination of intravitreal ranibizumab and standard-fluence verteporfin PDT delivered on the first visit. All patients received a further two monthly ranibizumab treatments, and were then retreated as required. The proportion of patients gaining at least 15 letters of ETDRS best-corrected visual acuity (BCVA) at 12 months compared with baseline was assessed as were the number of ranibizumab treatments at 6 and 12 months, BCVA after the initial loading phase of three monthly treatments, the proportion of patients gaining at least 10 letters at 12 months, the proportion of patients losing o10 and 15 letters at 12 months, and time to retreatment after the initial loading phase.
The study received local ethics committee and research and development approval. All patients gave written, informed consent before enrolment. (Clinical trial reference: ISRCTN42639823.)
Patient selection and entry evaluations
A screening visit comprised ocular examination, vision testing, medical history, OCT, and fluorescein angiography assessment. The full inclusion and exclusion criteria are shown in Table 1 . The principal criteria were a visual acuity in the study eye of between 24 and 73 ETDRS letters, and an initial fluorescein angiogram demonstrating CNV secondary to AMD with evidence that the CNV extended under the geometric centre of the foveal avascular zone.
CNV were classified as either 100% classic/ predominantly classic or minimally classic/occult at baseline to allow stratification before randomisation. For patients with occult with no classic CNV, clinical or angiographic evidence of recent disease progression was required for inclusion (Table 1) . Patients who had previously received any other treatment for neovascular AMD were excluded.
Visual assessment
BCVA was measured in both eyes after refraction at baseline and at all follow-up visits using a standardised protocol by certified examiners using modified ETDRS charts. Contrast sensitivity and reading speed were assessed using Pelli-Robson and Bailey-Lovie methods at three monthly intervals.
Imaging
Fluorescein angiography was performed at baseline and repeated at months 1, 3, 6, 9, and 12. The fluorescein angiographic features at baseline and follow-up were determined by two masked assessors (consultant ophthalmologists). OCT examinations were performed at every visit using the STRATUS OCT (Zeiss Meditech, Jena, Germany).
Treatment protocol
Patients were randomised 1 : 1 to receive initial standardfluence PDT or sham PDT. For the PDT group, the verteporfin infusion was covered by an opaque bag and given over 10 min at a dose of 6 mg/m 2 . PDT was given at a light dose of 50 J/m 2 and a fluence of 600 mW/m 2 . For the sham group, the procedure was identical, but normal saline was substituted for verteporfin. Both the patient and the treating doctor were masked to the treatment given.
Intravitreal ranibizumab (0.5 mg) was administered on the same day according to the Royal College of Ophthalmologists guidelines, 7 and patients selfadministered a topical antibiotic (choramphenicol 0.5%) four times a day for 3 days following treatment. Monthly assessment comprised visual acuity, OCT, and full ocular examination. All patients received further ranibizumab treatments at months 2 and 3. Thereafter, ranibizumab was administered if there was a loss of more than 5 letters of BCVA associated with intraretinal or subretinal fluid on OCT, or a 4100 mm increase in the mean central 1mm retinal thickness, when compared to the measurement obtained following the three initial ranibizumab loading doses.
The incidence and severity of any ocular adverse events were documented. Treatment was withheld if a loss of BCVA of 430 letters, endophthalmitis, retinal detachment, retinal tear, or vitreous haemorrhage occurred within 14 days of treatment. Treatment was also withheld if intraocular surgery had been performed within 28 days, or there was any evidence of local or systemic infection. An intraocular pressure of 445 mm Hg at 1 h after injection was considered a severe adverse event.
Statistics
As this was a pilot study, there was insufficient evidence to precisely determine sample size in terms of visual acuity outcomes. The sample size was sufficient to give 80% power to detect a reduction in retreatments of two or more at 12-month follow-up. Statistical analysis was performed using SPSS for windows (http://www.spss.com, IBM headquarters, Chicago, IL, USA).
Results
Altogether, 18 patients met the study eligibility criteria and were randomised. All patients completed the study, Fhave a BCVA logMAR visual acuity in the study eye between 24 and 73 letters Fhave a CNV of any type with the following characteristics as determined by fluorescein angiography: 1. Evidence that CNV extends under the geometric centre of the foveal avascular zone 2. CNV occupying at least 50% of the total lesion size 3. Total greatest linear dimension p5400 m 4. No subfoveal atrophic change and no subfoveal fibrosis and a total area of fibrosis p50% of total lesion area 5. For occult with no classic CNV, the lesion must demonstrate presumed recent disease progression as assessed by the investigator and defined at least one of the following criteria:
FBlood associated with the lesion at baseline FX10% increase in GLD as assessed by fluorescein angiography in the past 3 months FLoss of visual acuity in the last 3 months defined as either X5 letters logMAR vision as determined by protocol refraction and protocol measurement or X2 lines using a Snellen chart by standard examination
Exclusion criteria
Any previous CNV treatment in the study eye Treatment with verteporfin in the non-study eye o7 days preceding enrolment Any previous participation in a clinical trial involving anti-angiogenic drugs Previous intravitreal drug delivery in the study eye History of vitrectomy, glaucoma filtration surgery, corneal transplant or submacular surgery/other surgical intervention for AMD in the study eye, or any intraocular surgery in the study eye within 2 months of enrolment Greater than mild non-proliferative diabetic retinopathy or any diabetic maculopathy Previous retinal vascular occlusions Subretinal haemorrhage that involves the centre of the fovea, if the size of the haemorrhage is either 450% of the total lesion area or 41 disc area in size CNV in either eye due to causes other than AMD Retinal pigment epithelial tear involving the macula in the study eye Active intraocular inflammation, or a history of uveitis History of rhegmatogenous retinal detachment or macular hole (stage 3 or 4) in the study eye Infectious conjunctivitis, keratitis, scleritis, or endophthalmitis in either eye Aphakia or absence of the posterior capsule in the study eye, unless as a result of YAG posterior capsulotomy with previous posterior chamber intraocular lens implantation Spherical equivalent of the refractive error in the study eye of more than -8 D of myopia or signs of pathologic myopia with a refraction of À4 to À8 D. For subjects who have undergone cataract surgery in the study eye, a preoperative myopic refractive error of more than À8 D Uncontrolled glaucoma in the study eye, defined as intraocular pressure of 430 mm Hg despite anti-glaucoma medication Any concurrent intraocular condition in the study eye that, in the opinion of the investigator, is likely to require medical or surgical intervention during the study period to prevent or treat visual loss, or if allowed to progress untreated could contribute to a loss of at least two Snellen lines of BCVA over the study period History of recent stroke or cardiac event, or uncontrolled angina or blood pressure and no adverse events were recorded. Baseline characteristics and results are shown in Table 2 .
Visual acuity
The PDT group gained a mean of 2.2 letters and the sham group 4.4 letters at 1 year (Table 2) . This difference was not statistically significant (P ¼ 0.47).
The PDT group gained a mean of 3.1 letters and the sham group 6.5 letters after the initial loading phase of the trial (month 4). After 1 month, five of the nine patients in the PDT group lost visual acuity, with three losing between 5 and 15 letters. In the sham group, two of nine patients lost visual acuity 1 month after the first treatment, but no patients lost more than 5 letters. Mean visual acuity for the two groups over the year is shown in Figure 1 .
OCT and fluorescein angiography
After 1 year, the mean central retinal thickness was reduced by 138 m in the PDT group and 103 m in the sham group (P ¼ 0.57). A trend towards a greater reduction after first treatment in the PDT group was seen ( Figure 2 ). All fluorescein angiograms in the PDT group and none of the sham group showed a circle of choroidal hypoflourescence corresponding to the area of PDT treatment at 1 month after initial treatment, and choroidal hypoperfusion persisted throughout the entire 12 months of the study (Figure 3 ).
Treatment
After the initial 3-month loading phase, both groups required a mean of 1.3 retreatments with ranibizumab over the 12 months of the trial. However, the mean time before the first retreatment was required was 4.6 months in the PDT group and 2.6 months in the sham group.
Discussion
Initial same-day PDT treatment conferred no benefit when compared with treatment with ranibizumab alone in terms of visual acuity, contrast sensitivity, or number of treatments required over the 1-year follow-up period. The initial increase in visual acuity during the first 3-month loading phase of ranibizumab treatment was blunted in the PDT group. The combination group had a lower mean reading score throughout the study and also had a very small (statistically insignificant) improvement in comparison to the monotherapy group. Reading speed is affected by different factors, including visual acuity and concentration levels. In contrast to our findings, Pruente et al, 8 using a similar study protocol but with a 0.3 mg ranibizumab dosage, did demonstrate a reduced need for retreatment with ranibizumab in the group receiving PDT. However, this study also showed no difference between ranibizumab alone and combined therapy at 1 year in terms of visual acuity and a less rapid visual acuity gain Figure 3 Serial fluorescein angiograms and OCT scans for one patient undergoing combination treatment. Images are from baseline and months 1, 3, 6, 9, and 12. Note the marked choroidal hypoperfusion at 1 month, with abnormal choroidal perfusion persisting over the 12-month follow-up. All combination-treated patients and none of the monotherapy group showed similar choroidal perfusion changes.
in the combined treatment group. This trend towards reduction of the initial effect of ranibizumab when combined with PDT was also seen in the FOCUS study. FOCUS 4 is the largest trial of combined therapy to date, and mean visual acuity was lower in the group treated with PDT and ranibizumab than in the PDT-only group at 1 week and 1 month, but favoured the combinationtreated group after month 3. However, unlike our study, FOCUS compared PDT only with combined PDT and ranibizumab.
In the combined treatment group of our study, striking choroidal hypoflourescence was observed on fluorescein angiography, and this persisted during the 12 months of follow-up, with recurrence of CNV occurring within this area of reduced choroidal perfusion. Reduced choroidal perfusion is a known consequence of PDT therapy as treatment temporarily closes small-and medium-sized choroidal vessels as well as CNV. 9 Concurrent treatment with both steroids 10 and ranibizumab 11 prolong reduced choroidal perfusion. The PROTECT study 11 demonstrated reduced choroidal perfusion using indocyanine green angiography that persisted over 9 months of follow-up in 10 of 11 patients. The choroidal circulation did gradually reperfuse to some degree during this time, and CNV recurred only after reperfusion of the surrounding choriocapillaris. Microperimetry demonstrated improved retinal sensitivity despite reduced choroidal perfusion. No patients suffered severe visual loss in PROTECT and, in contrast to our findings, the mean visual acuity increased by 4.5 letters 1 month after initial treatment. It was concluded that the observed reduced choroidal perfusion did not appear to have any short-term functional significance. However, unlike our study, the PROTECT study was a small case series to evaluate the safety of same-day PDT and intravitreal ranibizumab and did not randomise patients to compare this regime with ranibizumab monotherapy. Furthermore, repeat PDT was administered if there was significant leakage found on fluorescein angiography at months 3, 6, and 9, and ranibizumab was only administered at baseline and at months 1, 2, and 3.
It is not yet known whether inhibiting the process of vascular remodelling has any longer-term effects on the retinal pigment epithelium and retina. 12 However, one study reporting 24-month data comparing PDT treatment with PDT and intravitreal triamcinolone 11 demonstrated better visual acuity for the combination group in the first year, but progressive visual decline during the second year of follow-up. Reduced choroidal perfusion was still seen on angiography in the combined group at 24 months. Furthermore, the reduction of vision in the steroid-treated group was associated with atrophic chorioretinal and retinal pigment epithelium changes as demonstrated by retinal thinning on OCT and reduced macular fundus autofluorescence when compared with the PDT-only group. If ranibizumab is reducing choroidal reperfusion in a similar manner, it is at least possible that any potential benefit in terms of reduced treatment requirement could be at the cost of longer-term chorioretinal atrophy.
At present there is a lack of solid evidence that combination therapy is superior to ranibizumab monotherapy and, given concerns over potential adverse effects, longer-term results from larger randomised controlled trials are awaited. Strategies to limit reduced choroidal perfusion in combination therapy, such as reduced-fluence PDT with ranibizumab, are currently under investigation.
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K Ranibizumab monotherapy is the standard of care for neovascular age-related macular degeneration. However, monthly injections are required indefinitely for the best results. A combination of same-day administration of PDT and ranibizumab is not associated with severe visual loss or ocular inflammation. Non-randomised trials and retrospective analysis of registry data have suggested that a combination of PDT and ranibizumab may reduce the number of required ranibizumab injections.
What this study adds
K There is no additional benefit of combined standardfluence photodynamic therapy (PDT) and ranibizumab injections vs ranibizumab alone for neovascular agerelated macular degenerationFThere is persistent choroidal hypoperfusion at 1 year after combined PDT and lucentis injections, which raises potential safety concerns.
